Arsenic-based drugs as food additive were used in poultry. However, excessive arsenic exposure can disturb myocardial cell metabolism, which results in the inhibition of growth and development of chickens. Since disordered mitochondria influences cardiac physiology and pathology, a better understanding of the mechanisms modulating cardiomyocyte mitochondria process is critical for identifying the potent detoxication targets under arsenic exposure in chickens. Male Hy-line chickens (1-day-old) were fed either a basal diet or an arsenic trioxide (As 2 O 3 )-supplemented diet containing 7.5, 15, and 30 mg/kg As 2 O 3 for 90 d. The concentrations of ions ([Na, Mg, Al, Si, K, Ca, As, Mn, Fe, Zn] and [Cr, Ni, Cu, Ba]) significantly increased and decreased in the heart of chicken under As 2 O 3 exposure, respectively. Moreover, we observed that As 2 O 3 decreased high-density lipoprotein cholesterol concentrations and increased total cholesterol concentrations in the serum. We also observed arterial wall degeneration, biochemical character of mitochondria undergoing either fission or fusion, typical apoptotic cells, typical DNA fragments and TdT-mediated dUTP nick end labeling positive nuclei under As 2 O 3 exposure in the heart. Further quantitative real-time PCR demonstrated that B cell lymphoma/leukemia 2 (Bcl2) were significantly decreased and dynamin-related protein 1 (Drp1), Optic atrophy 1 (Opa1), mitochondrial fission factor 1 (Mfn1), Mfn2, p53, caspase-8, Bcl-2 associated X protein (Bax), caspase-3, caspase-9 and cytochrome C were significantly increased in all As 2 O 3 group. In conclusion, As 2 O 3 can disturb the trace elements homeostasis, which might favor the development of mitochondrial damage. Moreover, we suspected that As 2 O 3 -increased mitochondrial dynamics might trigger the apoptosis to limit cell metabolism. These features might identify the role of the mitochondrial dynamics under arsenic-induced cardiovascular disease in the chickens.
INTRODUCTION
Because of relatively produced fast and high feed efficiency, chicken meat has been the second most consumed type of meat products (Henchion et al., 2014; Hu et al., 2017) . Roxarsone is administered to feeds at concentrations for therapeutic purposes, intestinal parasites control, and growth promotion in poultry (Chapman and Johnson, 2002) . Although arsenic-based feed additives can improve the production efficiency of chicken meat, the occurrence of residual arsenic poses a significant acute heart injury and chronic heart disease. Arsenite can inhibit pyruvate dehydrogenase via binding to the lipoc acid moiety, and this reduces equivalents to the electron transport system for adenosine triphosphate (ATP) production (Hughes, 2002 (Hughes, ). et al., 2017 . Increased total cholesterol (T-CHO) levels were associated with high cardiovascular disease (CVD) risk in young adults (Jeong et al., 2018) . Abnormal HDL-C and T-CHO levels increased the risk of mortality among young and middle-aged people, suggesting that HDL-C and T-CHO serve as a marker not only for obstructive coronary disease but also for a cluster of potentially modifiable risk factors (Luria et al., 1991) . Nevertheless, how arsenic induces trace elements, HDL-C and T-CHO, still needs to be explained in heart of chicken.
Myocardial mitochondria are energy sources and keep the heart beating. Mitochondrial dysfunction has a deleterious effect on cardiovascular system via impairing autophagy and lipid metabolism, decreasing mitochondrial respiration (Ong et al., 2015; Zhao et al., 2012) . Mitochondrial dynamics (fusion and fission) is essential to maintain normal cellular metabolism (Dorn, 2013) . However, dysregulation of mitochondrial dynamics has been implicated in the pathogenesis of cardiovascular disease such as coronary atherosclerosis and pulmonary arterial hypertension (Ong et al., 2015) . By undergoing fusion and fission, adult cardiomyocyte can mix the contents of partially damaged mitochondria and create new mitochondria to maintaining cellular homeostasis and meet the cell-specific requirements (Youle and Bliek, 2012) . During ATP depletion, mitochondrial dynamics are shifted to fission, resulting in mitochondrial fragmentation. However, excessive fission can trigger a variety of cascades that undergo myocardial damage: necrosis and apoptosis (Zhang et al., 2014) . Additionally, arsenic-induced reactive oxygen species can change the expression of mitochondrial apoptosis-related genes (B cell lymphoma/leukemia 2 [Bcl2], Bcl-2 associated X protein [Bax] , cysteinyl aspartate specific proteinase 3 [caspase-3], caspase-8 and caspase-9, cytochrome C [cyt C] and p53), triggering apoptosis (Park and Kim, 2012) . However, overexpression of Bax and Bak in turn leads to apoptosis (Yao et al., 2013a) . Mitochondrial fission factor 1 (Mfn1), Mfn2 and optic atrophy 1 (Opa1) are important maintenance of the fusion of mitochondrial outer membrane and cristae structure of mitochondria. Moreover, dynamin-related protein 1 (Drp1), a large GTPase, mediates mitochondrial fission in mammalian cells. Collectively, investigating fission/fusion and apoptosis enable us to identify the roles of mitochondria in arsenic-exposure heart of chicken.
A high dietary intake of arsenic led to increasing the susceptibility to other stresses, thereby causing economic losses. Revolved around assessing mitochondrial dynamic issues enhanced the understanding of the role of its molecular pathways in arsenic-induced cardiotoxicity. In this article for the first time, we investigated that the regulation of mitochondrial dynamic and its crosstalk with apoptosis during inorganic arsenic-induced cardiotoxicity in chickens. Additionally, we also evaluate the 28 trace elements in the heart of chickens under arsenic trioxide (As 2 O 3 ) expo- sure. This further highlights the critical issues of understanding arsenic toxicity in the heart of chickens, which is underlying molecular mechanisms and revealing mitochondrial dynamic in the cardiovascular disease development.
MATERIALS AND METHODS

Animals and Treatment
All animal experiments were reviewed and approved by Ethics Research Committee of the college of Wildlife Resources, Northeast Forestry University, China (approval no. UT-31; 20 June 2014) , and carried out according to guidelines for the care and use of experimental animals approved by the Heilongjiang Province People's Congress (http://www.nicpbp.org.cn/sydw/CL0249/2730.html). Chickens were randomly divided into 4 groups (18 chickens per group), including a control group (C group): basal diet, a low-arsenic group (L group); basal diet plus 7.5 mg/kg As 2 O 3 , a middle-arsenic group (M group); basal diet plus 15 mg/kg As 2 O 3 , a high-arsenic group (H group); basal diet plus 30 mg/kg As 2 O 3 (Table 1) . Composition of As 2 O 3 exposure feed and detail process for established the arsenism model has been described in our previous article (Li et al., 2017b) . The composition of the diet and water and the management in this study were described in Appendix 1 and Appendix 2. At the end of 30, 60, and 90 d, chickens (n = 6/group) in each group were selected randomly and euthanized with sodium pentobarbital. Chickens were fasted for 24 h prior to each experiment. The heart tissues were collected and excised. The tissues were rinsed with ice-cold 0.9% NaCl solution, frozen immediately in liquid nitrogen, and stored at -80
• C until required for subsequent experiments.
Mineral Element Analysis
The heart of 28 elements concentrations (lithium [Li] 
128.2 ± 9.6 59.5 ± 6.1 53.2 ± 6.0 16.3 ± 2.1 14.5 ± 1.1
Significant differences ( * P < 0.05 or * * P < 0.01) between the C-group and As 2 O 3 -group (H-group).
using inductively coupled plasma mass spectrometry (Thermo iCAP-Q, MA, USA) (Li et al., 2017d) .
Assessment of Serum Cardiotoxicity Indices
The blood samples were collected from hearts at 30, 60, and 90 d. The blood samples (no hemolysis) were allowed to stand overnight for clotting at 4
• C and centrifuged at 3000× g for 10 min to obtain the serum for the analysis. Serum HDL-C and T-CHO concentrations were estimated by using standard kits (Nanjing Jiancheng Bioengineering Institute, China) according to the manufacture's protocol. Absorbance of the supernatant was measured at 510 and 546 nm.
Histological Examinations
Histological analysis was performed according to our previous study. After necropsy, heart tissue specimens were rapidly fixed in 10% buffered neutral formalin, embedded in paraffin wax, sectioned into approximately 5-μm-thick pieces, and stained with hematoxylin and eosin for light microscopy observation.
TdT-mediated dUTP Nick end Labeling Assay
TdT-mediated dUTP nick end labeling (TUNEL) is used to determine DNA fragmentation as an indicator of cell apoptosis (Yao et al., 2013b) . In this study, TUNEL assay was performed by in situ cell death detection kit (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer's instruction. Paraffin wax-embedded tissue sections were treated with proteinase K, and the endogenous peroxidase activity was blocked with hydrogen peroxide. The sections were incubated at 37
• C for 1 h. And then, the slides were rinsed with phosphate-buffered saline. Nuclear labeling was developed with horseradish peroxidase (HRP) and diaminobenzidine. Hematoxylin was used for counterstaining.
Determination of DNA Fragmentation
DNA fragmentation was detected by DNA ladder extraction kit with spin column (Beyotime institute of biotechnology, China), according to the manufacturer's instruction. DNA bands were determined by 2% agarose gel electrophoresis under 150 mA 150 V for 20 min. DNA apoptosis band was analyzed in a gel documentation system (ProteinSimple, USA). The bands were visualized and photographed by ethidium bromide staining under UV light.
Ultrastructural Examinations
Heart tissue specimens (size, 1.0 × 1.0 × 1.0 mm) from the typical sample of C group, L group, M group, and H group at 12 wk were fixed immediately in 2.5% glutaraldehyde phosphate buffer saline (v/v, pH 7.2), postfixed in 1% osmium tetroxide (v/v), and stained with 4.8% uranyl acetate. Then, samples were dehydrated in a graded series of ethanol and embedded in Epon. Ultrathin (less than or equal to 90 nm) sections were cut, mounted on coated copper grids, washed in propylene oxide, impregnated with epoxy resins and post-stained with uranyl acetate and lead citrate. The specimens were observed with microscopy. Microphotographs were taken with a transmission electron microscope (GEM-1200ES, Japan) (Li et al., 2017d) .
Quantitative Real-time PCR
Total RNA was isolated from heart tissue samples of chickens using TRIzol reagent (Invitrogen, China) according to the manufacturer's instructions. Then, measured according to the method previously described (Li et al., 2017a) . Specific primers for mitochondrial dynamics-related genes, apoptosis-related genes were designed based on known chicken sequences (Appendix 3) using Primer Premier Software 5.0 (PREMIER Biosoft International, USA). β-actin was used to an internal reference. General PCRs were first performed to confirm the specificity of primers. The relative abundance of messenger RNA (mRNA) for each gene was calculated according to the 2 −δδCt method, accounting for gene-specific efficiencies and were normalized to the mean expression of the housekeeping gene β-actin.
Western Blot Analysis
To determine the protein levels, western blot was performed as described previously with few modifications (Li et al., 2017c) . The antibodies involved in our study included the following: Mfn1 (1:200), Opa1 (1:500), Drp1 (1:500) and caspase-8 (1:500) (Proteintech, USA), Bax (1:200), Bcl-2 (1:500), caspase-3 (1:500), p53 (1:500) (Wanleibio, China) followed by a HRP-conjugated secondary antibody against rabbit IgG (1:5000, Biosharp, USA).
Statistical Analysis
All data were analyzed with SPSS for Windows (version 13; SPSS Inc., Chicago, IL, USA) and GraphPad Prism 7.01 (Graph Pad Software Inc., USA). The results were expressed as mean ± standard deviation (SD) of different groups. Statistical analyses were analyzed by 1-way analysis of variance. Tukey's paired test was used to determine significant differences between the different experimental groups. Differences were considered to be significant at P < 0.05. Additionally, Figure 1 . Effects of As 2 O 3 on the (A) arsenic concentrations in H group in the heart of chickens at 30, 60, and 90 d and (B) histopathological changes in the heart of chickens at 90 d. Each value is shown as mean ± SD, n = 6. The bars sharing different small letters represent statistically significantly differences between the groups (P < 0.05); the bars with a common letter are not significantly different (P > 0.05). Values are expressed as mean ± SD, n = 6. The different letters indicate significant differences (P < 0.05) between any 2 groups at the same time point.
Adobe Photoshop (version 12.0.3) was used for drawing pictures.
RESULTS
Arsenic Toxicity Altered the Elements Concentrations in the Heart
There is a significant (P < 0.05) accumulation of arsenic in the heart in H group compared to the C group at 30, 60, and 90 d. The concentrations of arsenic concentrations in H group were elevated 18.03-fold, 14.89-fold, and 13.98-fold at 30, 60, and 90 d, compared with the C group, respectively ( Figure 1 ). As 2 O 3 toxicity significantly increased Na, Mg, Al, Si, K, Ca, Mn, Fe, Zn and decreased Cr, Ni, Cu, Ba in heart of chickens (Table 2) . Moreover, the concentrations of Mo were only elevated 5.38-fold at 30 d.
T-CHO and HDL-C Concentrations in As 2 O 3 Toxicity
The concentrations of specific markers in the serum of chickens were shown in 
Histopathological Observation
Heart tissues histology were shown in Figure 1B . The histological results showed normal adventitia of artery at 90 d in the C group. However, in the H group, we observed arterial wall degeneration and adventitial vacuolation at 90 d.
Transmission Electron Microscopy
Transmission electron microscopy results were shown in Figure 2 . In the C group, mitochondria were elongated and aligned along the inner segment membrane. However, we observed mitochondrial cristae broken, mitochondrial vacuole (red arrows) and higher mitochondrial density in the L, M, and H group. Moreover, in L group, mitochondria exhibited a pinched dumbbell appearance which appeared to be linked to fission (yellow arrows). In the M group, we observed that mitochondria are much shorter and relatively swollen and have a greater proportion (blue arrows). In the H group, the mitochondria are undergoing either fission or fusion (black arrows) in the inner segment. The results showed mitochondrial cristae broken, mitochondrial vacuole (red arrows), and higher mitochondrial density in L, M, and H group. In L group, mitochondria exhibited a pinched dumbbell appearance which appeared to be linked to fission (yellow arrows). In M group, mitochondria are much shorter and relatively swollen and have a greater proportion (blue arrows). In H group, the mitochondria are undergoing either fission or fusion (black arrows) in the inner segment. 
Apoptotic Phenomenon in As 2 O 3 Toxicity
Apoptotic cardiomyocytes in As 2 O 3 -exposed chickens were detected with TUNEL assay, DNA Ladder, and transmission electron microscopy. Results demonstrate that C group at 90 d exhibits normal myocardial cell ultrastructures. There were not any obvious pathological changes appearing in the myocardial cells of the C group. But it is obvious that L, M, and H group remarkably increased TUNEL positive nuclei ( Figure 3A) . The integral genome DNA was shown near the well in C group, while the biochemical character of apoptosis, typical DNA fragments were presented in L, M, and H group at 30, 60, and 90 d ( Figure 3B ). Additionally, C group exhibited the normal ultrastructure with the integrated mitochondria and clear nuclear membrane. In the L group, there were significantly fragmented mitochondria, into a clustered perinuclear pattern (yellow arrows). In the M group, we observed cytoplasmic shrinkage and fragmentation of nucleus (green arrows). Moreover, in the L, M, and H group, we observed typical apoptosis features: chromatin condensation and accumulation of chromatin at the edge of nuclear membrane (red arrows), blebbing of the membranes with cytoplasmic vacuolation cell shrinkage (blue arrows) ( Figure 3C ).
As 2 O 3 Toxicity Altered the mRNA Levels of Mitochondrial Dynamics-related and Mitochondrial Apoptosis-related Genes
The mitochondrial dynamics-related genes (Mfn1, Opa1, and Drp1) in the heart of chickens were shown in Figure 4 . Compared with the C group, the mRNA levels of Drp1, Opa1, Mfn1, and Mfn2 increased (P < 0.05) in As 2 O 3 group at 30, 60, and 90 d. However, the mRNA levels of Mfn1 at 30, 60, 90 d, Mfn2 at 30, 60 d, Opa1 at 90 d in M group were no significant alteration compared to L group. Moreover, the mRNA of Mfn2 at 60 d, Opa1 at 30 d, Drp1 at 30, 60 d in H group were no significant alteration (P > 0.05) compared to M group. Notably, the mRNA levels of mitochondrial dynamics-related genes at 90 d increased (P < 0.05) more significantly than the corresponding other experimental groups.
The mitochondrial apoptosis-related genes (p53, Fas, caspase8, Bax, Bcl2, cyt C, caspase3, and caspase9) in the heart of chickens were shown in Figure 5 . Compared with the C group, the mRNA levels of p53, Fas, caspase-8, Bax, cyt C, caspase-3, and caspase-9 presented higher (P < 0.05) expression, whereas Bcl-2 had a decrease (P < 0.05) in L, M, and H group in the heart of chickens at 30, 60, and 90 d. However, the mRNA levels of 
As 2 O 3 Toxicity Altered the Proteins Levels of Mitochondrial Dynamics-related and Mitochondrial Apoptosis-related Genes
As shown in Figure 6 , western blot results revealed that the protein levels of Mfn1, Opa1, and Drp1 presented higher (P < 0.05) expression in L, M, and H group compared with the C group. On the other hand, the protein expression of p53, caspase-8, Bax, and caspase-3 increased, while the protein expression of Bcl2 decreased in L, M group as compared to C group at 30, 60, and 90 d.
DISCUSSION
Excessive arsenic exposure can cause oxidative damage in mitochondria, endothelial dysfunction, metabolic derangement, and eventually apoptosis in the heart (Eguchi et al., 1997; Ellinsworth, 2015) . Cardiovascular abnormalities are one of the leading causes of chicken mortality. Therefore, further understanding of the mechanism of arsenic-induced cardiotoxicity can provide insight into potential therapeutic target (Gul et al., 2013) . In our study, we demonstrated that As 2 O 3 can disturb the trace elements homeostasis, which might favor the development of mitochondrial damage. This effect can contribute to alter HDL-C and T-CHO concentrations, which may seriously endanger the health status of the chicken. To our knowledge, this study is the first report to illustrate a novel cardiotoxicity effect of arsenic in the regulation of mitochondria and trace elements.
As better nutrition, trace elements can affect immune, wound healing, heart growth, and development. Our experiment has demonstrated that As 2 O 3 -induced inflammatory injury could trigger and mediate Ca 2+ signals (Li et al., 2017d) . In this study, As 2 O 3 significantly increased Na, Mg, Al, Si, K, Ca, Mn, Fe, Zn and decreased Cr, Ni, Cu, Ba in the heart of chickens. Notably, arsenic concentrations in H group were elevated 18.03-fold, 14.89-fold, and 13.98-fold at 30, 60, and 90 d, respectively. The results demonstrated that arsenic can accumulate in the heart and initiate the cytotoxic effects reflected in the elemental imbalance. According to previous evidence, the increased element levels (Zn and Mn) may be attributable to counter As 2 O 3 toxicity by stimulating the synthesis of metallothioneins or antioxidative enzymes (Kumar et al., 2011) . Furthermore, arsenic complexes occupy active sites can elevate trace elements transport (Cobbina et al., 2015) . In this case, elevated heart arsenic concentration can induce oxidative stress which triggers cellular and mitochondrial permeability transition (Orrenius, 2004) . Consequently, we thought that As 2 O 3 induces the trace elements redistribution, achieving a state of pathological effects in heart of chicken. Soria et al. have demonstrated that arsenic increased the concentrations of Fe, Zn and decreased concentrations of Cu in the spleen of rats (Soria et al., 2017) . Moreover, arsenic also impairs the endomembrane system involved in metal homeostasis and the metallothionein-related response (Blaby-Haas and Merchant, 2014) . Therefore, reduction in heart Cu and Cr might be due to the inhibition of metallethione under As 2 O 3 exposure. Moreover, concentrations of HDL-C and T-CHO (Table 3 ) along with arterial wall degeneration and adventitial vacuolation (Fig.  1B) under As 2 O 3 exposure. Therefore, we suspected that abnormal arterial wall resulting from deregulated HDL-C and T-CHO cycle was involved in pathology. Taken together, arsenic-induced physiological and pathological processes may be due to trace elements imbalance in heart of chicken. However, this further mechanism of issue needs to be clarified in future.
Mitochondrial fusion and fission are essential for maintenance of normal tricarboxylic acid cycle and oxidative phosphorylation. However, abnormal fusion and fission impacts on the susceptibility to acute ischemia reperfusion injury (Ong et al., 2013) . Drp1 assembles into spirals as division sites, the outer mitochondrial membrane, and then promotes the constriction of mitochondria followed by fission (Ishihara et al., 2009 ). Additionally, Mfn1, Mfn2, and Opa1 are required for complete mitochondrial inner membrane fusion. Bcl2 family members have been identified to bind Mfn2. However, upon induction of apoptosis, Drp1 translocates from the cytosol to mitochondria, where it preferentially localizes to potential sites of organelle division. In the present study, we found that As 2 O 3 significantly increased the expression of Mfn1, Mfn2, Opa1, and Drp1 in the heart of chickens, which indicated that As 2 O 3 impaired balance in mitochondrial dynamics in the heart of chicken. We thought that Mfn2 might promote mitochondrial pore formation and decrease stability of the mitochondrial membrane, thereby facilitating Drp1-mediated mitochondrial fission under As 2 O 3 exposure in the heart of chickens, but may be the basis for further working hypotheses (Dorn, 2013) . Moreover, the mitochondrial dysfunction decreased ATP production, which results in the poor induction effects, and then in turn promotes apoptotic cell death. Activation of Bax and Bak also leads to mitochondrial fission. Based on these results and previous studies, it can be inferred that As 2 O 3 might disturb intracellular glycolytic metabolism that could result in decreased membrane potential and decreased oxidative phosphorylation. Additionally, some ions overload such as Ca 2+ can stimulate mitochondrial membrane damage, increased intracellular permeability, and then in turn disturb mitochondria dynamics (Lin et al., 2016) . Our resulting data are consistent with the previous study which has demonstrated that lead-induced mitochondria dynamics in the spleen of chickens via triggering mitochodrial fission/fusion (Han et al., 2017) .
Abnormal mitochondrial fusion and fission, indicating heart failure and vascular smooth cell proliferation, may be partially responsible for apoptosis or adaptive function of suppression (Ong et al., 2013; Chen and Knowlton, 2011) . Accumulating evidences have suggested that excessive arsenic exposure induces cardiac fibroblast apoptosis in vitro and in vivo (Li et al., 2013; Pang and Chau, 1999) . There is evidence that antiapoptotic Bcl-2 can bind pro-apoptotic Bax/Bak to regulate cyt C release and downstream caspase activation (caspase-3, caspase-9) (Chipuk and Green, 2008) . Moreover, Bcl-2 family proteins can influence mitochondrial fission-fusion dynamics (Sheridan et al., 2008) . p53 pathway has been proved to be involved in the regulation of Drp1-mediated mitochdrial fission (Zhan et al., 2016) . Jin et al. have demonstrated that lead induced apoptosis via mitochondrial dynamics pathway in kidney of chickens (Jin et al., 2017) . Qi et al. have confirmed that increased p53 acetylation can induce Drp1 expression and eventually results in cardiomyocyte apoptosis (Qi et al., 2018) . In accordance with the previous studies, we observed that As 2 O 3 exposure significantly boosted p53, mitochondrial apoptosis-related genes (Bax, caspase-3, caspase-8, and caspase-9) and cyt C, and lowered Bcl-2 in the heart of chickens. These data suggested that As 2 O 3 induced myocardial mitochondria dysfunction through apoptotic pathway. The high levels of apoptosis might further increase the sensibility of cardiovascular disease for the environmental stresses in chicken under As 2 O 3 exposure. Ultrastructural observation was also strongly supported by the apoptosis on mitochondria of heart (Figure 3) .
In myocardial cell, fragmented mitochondria should be removed rapidly to ensure ATP generation and signaling pathways. However, changes in mitochondrial fusion-fission can activate the intrinsic pathway of apoptosis which may be responsible for the decreasing mitochondrial membrane potential (Brooks and Dong, 2007) . In response to As 2 O 3 -induced apoptosis, increased cyt C during the stage of mitochondrial fission may encourage Drp1 translocation. On the other hand, Bax and Bak involves in Drp1-dependent mitochondrial fission. Furthermore, considering that cell death is accompanied with the disruption of metabolic functions, the impairment of mitochondrial signaling is tightly connected to developmental processes and tissue homeostasis. In this study, As 2 O 3 -induced mitochondrial fission still undergoes apoptosis, suggesting that As 2 O 3 might induce mitochondrial permeability transition in the heart of chickens. The fusion process is critical for embryonic development, and allow cooperation between mitochondria to protect mitochondria from respiratory dysfunction (Chen et al., 2003) . The increase of Mfn1, Mfn2, and Opa1 might maintain mitochondrial morphology to protect metabolically challenged mitochondria. However, this specific mechanism of issue needs to be clarified. The interaction between metabolism and cell death can also occur in the opposite direction, and beyond promoting cell death. Our findings demonstrated that As 2 O 3 exposure perturbs the mRNA and protein levels of both mitochondrial dynamics and apoptosis in the heart of chickens. Our studies proved that As-induced cardiotoxicity is regulated by mitochondrial fission and apoptosis that cross regulates each other, which will provide new idea for elucidating the mechanism of cardiovascular disease in As 2 O 3 exposure.
CONCLUSION
Conclusively, we described increased arsenic concentrations associated with elemental imbalance and pathological effects. The present study demonstrated that As 2 O 3 -induced T-CHO, HDL-C, and trace elemental concentrations imbalance contribute to impaired balance in mitochondrial dynamics in the heart of chickens. Although our findings reveal a novel molecular mechanism to understand arsenicinduced mitochondrial dysfunction, future research will be needed to elucidate the functional mechanisms at the mitochondria.
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